from the Falkland Islands and Tierra del Fuego north through Chile and Argentina, Uruguay and southern Brazil and Paraguay (KEAR 2005) . The Coscoroba is traditionally considered to be a swan, but molecular studies suggest it is more closely related to the aberrant Cape Barren goose, Cereopsis novaehollandiae Latham, 1802 (see DONNE-GOUSSÉ et al. 2002) . It is monochromatic, but males are generally larger than females (see below and CALABUIG et al. 2011) .
In monogamous species, such as the C. coscoroba, sexual dimorphism is often less exaggerated than in related polygamous species (e.g., FIGUEROLA & GREEN 2000 , HORROCKS et al. 2009 ). Yet, in species with high levels of parental care and variability in quality of partners, mutual mate choice is typically important (CLUTTON-BROCK & VINCENT 1991 , CLUTTON-BROCK & PARKER 1992 , JOHNSTONE et al. 1996 , KRAAIJEVELD et al. 2004 . Like true swans, the Coscoroba Swan displays high levels of parental care, but unlike true swans (KRAAIJEVELD et al. 2004 ) it does not have obvious secondary sexual characteristics, and very little is known about the ecology of the species (see KEAR 2005 , CALABUIG et al. 2010 .
The objective of this study was to investigate the relationship between sexual dimorphism and static allometry in the Coscoroba, in particular: a) to identify characters that were sexually dimorphic, before and after controlling for general structural size, and b) to compare allometric slopes for different characters between the sexes, and to identify positively allometric characters. We also examine the role that sexual selection may have in explaining our results.
MATERIAL AND METHODS
All individuals were captured at the "Estação Ecológica do Taim" Reserve which is located in the southern coastal plain of Brazil (~32°33'S, 52°32'W) within the most important area for Coscoroba Swan in Brazil. Birds were captured by hand, from a boat, in 2005, 2006, 2007, and 2008 , during the wing moult period (between August and January), when they are flightless. All the individuals considered in our analysis were mature (>2 years old). We captured 346 individuals (189 males, 157 females).
We weighed the birds (50 g precision) and measured 10 morphological variables. Total length of head to the occipitaltip of the bill (TLH), maximum height of the bill (HBI), maximum width of the bill (WBI), nostril (distal edge of a nostril to the end of the bill), total culmen (TCU) and tarsus length were measured with a calliper (± 0.1 mm). Tail (from the preen gland), wing without the feathers (metacarpophalangeal articulation), forearm length from the front of the folded wrist to the proximal extremity of the ulna (FERRER & DE LE COURT 1992) and length of neck (LNE) were measured with a ruler marked in millimetres.
Before releasing, the tarsus of each animal was marked with a numbered, metal ring (rings from Centro Nacional de Pesquisa para Conservação das Aves Silvestres -Instituto Chico Mendes de Conservação da Biodiversidade (CEMAVE-ICMBio)).
Three milliliters of blood were taken from the wing vein of each bird, (using plastic 3 ml syringes equipped with 21-ga needles) and samples were stored in Vacutainer tubes with EDTA and kept cool in ice, until processing. We used molecular methods to determine the sex of each specimen (see CALABUIG et al. 2011 for details) .
To compare sexes, we used all 11 morphological variables in a multivariate ANOVA (MANOVA). We used residuals from each analysis to check the normality assumption. None of the 11 variables showed significant deviation from normality according to the Kolmogorov-Smirnoff test with Lilliefor's correction, or from homogeneity of variance tested with Levene's test. Consequently, no transformations were used.
Length of neck (LNE) was excluded from further analyses due to a large measurement error. Following the standard approach in scaling studies (e.g., GREEN et al. 2001 , WARTON et al. 2006 , ARNOLD & GREEN 2007 , PEIG & GREEN 2009 ), the allometric slopes of each linear measure in relation to mass were calculated using reduced major axis (RMA, also known as standardised major axis or SMA) regression models to place the line of best fit in bivariate plots of log transformed data. The results of ordinary least squares regression (OLS) and RMA regressions are increasingly divergent as r decreases, and slopes become seriously underestimated by OLS methods (MCARDLE 1988 , WARTON et al. 2006 , ARNOLD & GREEN 2007 . The RMA slope is equal to the ratio between the standard deviations of Y and X (and also to the OLS slope divided by r). See MCARDLE (1988) for methods used to calculate the statistical significance of the deviation between observed RMA slopes and those expected under the null hypothesis of isometry. For the purpose of this paper, we consider isometry to be where, in log-log bivariate plots, linear measures scale with a slope of one third against mass (i.e., mass is proportional to the cube of length). Since slopes did not differ significantly between males and females (see below), sexual differences in elevation (i.e., intercepts) were tested by comparing the means of the residual scores for each sex from a common RMA regression slope (see WARTON et al. 2006) . This constituted a test for a difference between sexes in the relative size of different characters. We preferred this test to least-squares methods such as ANCOVA owing to the existence of error in both dependent and predictor variables (see WARTON et al. 2006) .
Statistical analyses were carried out with Statistica 6.0 software (Statsoft Inc., Tulsa). Differences were considered significant at p < 0.05.
RESULTS
Using all variables in a MANOVA, adult male swans are larger than adult females (Wilks = 0.29, F = 77.7, p < 0.01). Values of body mass and all linear measures were significantly ZOOLOGIA 30 (4): 424-429, August, 2013 higher for males than females (Table I) . TLH, tarsus and forearm were the most sexually dimorphic characters in terms of statistical significance.
RMA regression with body weight, nostril, wing and tail length showed significant positive allometry for both sexes (Table II and Figs 1-3) . For mature males, HBI also showed significant positive allometry. However, no significant difference was observed in allometric slopes between the sexes for any morphometric measures (Table II) .
When common slopes were fitted for all mature birds in regressions of linear measures on body mass, there were differences in elevation between sexes for three measures. For a given body mass, females had lower TLH but longer wings and longer tails (Table III, Figs 2 and 3 ).
DISCUSSION
Our results indicate interesting deviations from isometry in C. coscoroba, with nostrils, tails and wings showing positive allometry. Important differences in scaling relationships were also found among females and males. For a given body mass, the wing and tail of females were relatively larger, whereas their heads were comparatively shorter. All morphometric measurements showed a clear dimorphism according to gender and followed a size gradient in which male characters were, on average, larger than their corresponding female counterparts. MILLER et al. (1988) suggested for Tundra swans, Cygnus columbianus (Ord, 1815) that similar dimorphism among adult birds is the result of selection for large body size in males. In general, large size may be selected in male swans, geese and the Cape Barren Goose because they are responsible for nest Figure 1 . Nostril length against mass (log e transformed) for male and female Coscorobas. Scaling lines are plotted for both sexes using RMA regression (females: y = 3.3+0.512*x, males: y = 3.31+0.481*x). The slopes and elevations were not different between sexes (Tables II and III) (Table II) , but elevation was significantly greater for females (p < 0.01, Table III ). ( ) Females, ( ) males.
protection (e.g., SCOTT 1972 ,VESELOVSKY 1973 , HAWKINS 1986 , WHITEHEAD & TSCHIRNER 1990 or owing to the need to defend females against extra-pair copulations (e.g. MINEAU & COOKE 1979 , MCKINNEY et al. 1983 , WELSH & SEDINGER 1990 , GAUTHIER & TARDIF 1991 , CHOINIÈRE & GAUTHIER 1995 . As in the Cape Barren goose, male and female coscorobas form long-term pair bonds Figure 3 . Tail length against mass (log e transformed) for male and female Coscoroba swans. Scaling lines are plotted for both sexes using RMA regression (female: y = 4.11+0.87*x, males: y = 4.07+0.811*x). The slopes were not significantly different, but elevation was significantly greater for females (p < 0.001, Table III) . ( ) Females, ( ) males. and look after their goslings. The male is primarily a guardian and helps with nest building but not with incubation. Positive allometry is most likely to evolve when an increase in relative trait size leads to a greater mating success for larger individuals (BONDURIANSKY 2007) . Dimorphic, sexually selected characters tend to have positively allometric slopes (GREEN 1992 , KODRIC-BROWN et al. 2006 . Thus, scaling relationships have been proposed as a potential means to distinguish between sexual and natural selection as causes of dimorphism (GREEN 2000) .
However, according to more recent research, a link between sexual selection and positive allometry only seems clear for exaggerated sexual characters (e.g., tails of peacocks or widowbirds) of the kind absent in Coscoroba swans. A recent review of less extreme secondary sexual characters suggested that sexual selection does not consistently result in positive allometry, and that nonsexual traits sometimes show positive allometry (BONDURIANSKY 2007) . Various mechanisms have been proposed which could generate such a wide diversity of allometries for both sexual and non-sexual characters, although there is currently a general lack of empirical data to distinguish between them (BONDURIANSKY 2007) . CUERVO & MØLLER (2009) showed that ornamental feathers tend to have particularly high allometric slopes. However, non-ornamental tail feathers also tended to be positively allometric (although to a lesser extent), and CUERVO & MØLLER (2009) This study extends the currently limited knowledge on scaling patterns in Anatidae (GREEN 2000 , GREEN et al. 2001 and shows that positive allometry can be observed in monomorphic species in characters which have never been considered as ornaments. The limited data available suggests that, amongst the Anatidae, allometries do not appear to show consistent patterns. For example, head length is isometric in the Coscoroba Swan, negatively allometric in the Eurasian Teal Anas crecca Linnaeus, 1758 (GREEN et al. 2001 , and positively allometric in male Marbled Teal, Marmaronetta angustirostris (Ménétries, 1832) (GREEN 2000) .
There is little evidence available from field studies to assess the role of sexual selection in explaining the limited sexual dimorphism and positive allometry recorded in the Coscoroba Swan. Although this is a monogamous species, increasing the size of some attributes may confer some advantage for mate selection or male-male competition. The tail appears crucial when pivoting and to enable the "up-ending" or "tipping" feeding technique regularly used by this species, but it may also be a sexually selected character important for signalling. Wings are used in male-male combat (authors, pers. obs.) but wing growth is most likely to be constrained by the biomechanics of flight. Across the Anatidae, folded wing (a different measure of wing than ours) shows positive interspecific allometry (GREEN et al. 2001) , as does wingspan for all flying birds (RAYNER 1985) . This is consistent with a possible biomechanical explanation for the positive allometry for wing in Coscoroba. Tail morphology may also be an adaptation to biomechanics (MATYJASIAK et al. 2009 ).
Although female Coscoroba swans have relatively longer wings and tails for a given mass, we have no other reason to believe they are subject to greater sexual selection than males. The measures of nostril and height of the bill should mainly reflect bill adaptations for feeding (see FERNS et al. 2005) , although the bill may also have a significant courtship role since the Coscoroba Swan has displays based on head movements (see HORROCKS et al. 2009) , and perhaps breathing during flight might influence bill morphology. However, further research is required to establish the importance of the different characters addressed in this study for mate choice, foraging ecology etc in this species.
We used body mass as an overall measure of structural size (PEIG & GREEN 2009 ), but mass typically changes during wing moult, increasing in some Anatidae but decreasing in others (HOHMAN et al. 1992) .There is no information as yet on seasonal changes in body mass in Coscoroba Swan. Such changes can even vary between the sexes (HOHMAN et al. 1992) , such that it is feasible that our analyses of elevation (Table III) would give different results at a different stage of the annual cycle. However, the finding that females have relatively shorter heads compared with their wings and tails would not change.
Contrary to GREEN (2000), we suggest that positively allometric slopes alone should not be considered as evidence for sexual selection of the considered traits. Nevertheless, more studies such as ours are required before we can begin to understand the conditions that generate negative allometry, positive allometry or isometry in birds (see BONDURIANSKY 2007 , CUERVO & MØLLER 2009 for more discussion).
